The fatty acid profiles of serum lipids were examined in 53 ten-year-old cleft children. The children presented with different cleft types (cleft lip, cleft lip and palate, isolated cleft palate and submucuous cleft palate) and were recruited from the Finnish Cleft Center. We also studied associations between serum lipid fatty acids and early breast milk intake, cognitive development in terms of preschool language learning and school achievement. The fatty acid profiles of serum lipids did not differ between boys and girls. The proportion of myristic acid in serum cholesteryl esters (CE) was higher and proportion of nervonic acid in phospholipids (PL) lower in children with isolated palatal clefts than in those with submucuous clefts. Out of the present children, 30% and 60% received breast milk less than 1 or 3 months, respectively. The proportions of docosahexaenoic acid in CE and in PL were significantly higher in the children whose breast milk intake was longer than 3 months. The number of children requiring special education was higher among those who received breast milk less than 1 month than among those with longer breast milk intake. In conclusion, the fatty acid profiles of serum lipids seem to be comparable among children with different cleft types. Short breast milk intake was associated with poorer school performance.
INTRODUCTION V
arious types of clefts are among the most common congenital malformations in newborns. They compromise almost two thirds of the major craniofacial malformations. 1 The incidence of oral clefting varies world-wildly being about 2 per 1000 live births in Finland. 2 The distribution of oral clefts in Finland differs from that in most other countries, so that isolated palatal clefts (CP) including submucuous clefts (CPSM) outnumber cleft lip and palate (CLP) including also the cases with only cleft lip (CL). CL(P) and CP(SM) are suggested to be genetically distinct anomalies because of the differences in timing of cleft formation during embryonic development. 3 Due to malformed oral apparatus early feeding difficulties, such as poor or inadequate suction, excessive air intake, prolonged feeding time, frequent nasal regurgitation and associated malnutrition and impaired weight gain in infants with oral clefting have often been reported. [4] [5] [6] Finnish children with C(L)P have received remarkably less breast milk than healthy controls, and less than 5% of them can suck breast. 7 Recently much interest has been attributed to the association between cognitive development and dietary intakes of arachidonic acid (ARA) and docosahexaenoic acid (DHA), as brain, retina and other neural tissues are rich in long chain polyunsaturated fatty acids 8, 9 Infants who do not receive breast milk are suggested to have lower than optimal intake of ARA and DHA and hence, be more prone to have delays in cognitive development. 10 However, the evidence is controversial, especially for infants born at term. 11, 12 So far, there are a lot studies indicating language and learning related deficiencies in cleft palate children, but studies focusing on biochemical factors associated with unfavorable developmental consequences among them are lacking. Therefore, we decided to study serum lipid fatty acid profiles in 10-year-old cleft children with various palatal clefts. In this study, we also aimed to investigate the associations between early breast milk intake, serum fatty acids and cognitive development in terms of preschool language learning and school achievement.
MATERIAL AND METHODS
T he study included a total of 53 ten-year-old children (27 boys, 26 girls) recruited at the Finnish Cleft Center, where the treatment of Finnish cleft patients is centralized. Five of the children presented with CL, 12 with CLP, 31 with CP and 5 with CPSM. The cleft lip and palate were repaired according to the current protocol of the Finnish Cleft Center at the average age of one year in a one-stage procedure. The children visited regularly the Cleft Center from their first weeks of life until 10 years of age. They attended routine follow-up examinations performed by surgeon, dentist, speech pathologist and generally also otologist at the ages of 3, 6, 8 and 10 years, and if required in-between the routine follow-up visits. Detailed examinations including neuropsychological and linguistic tests, and examinations by special teacher and occupational therapist were carried out when required and according to possibilities at local hospitals. These data from routine and additional examinations were registered into the hospital records. At the 10-year-old follow-up visit, the parents were interviewed using a prospectively designed structured questionnaire concerning the length of breast feeding and sucking, and child's school performance. In addition, data on school performance, whether attending mainstream or special education, and the quantity and quality of special education required were obtained from the hospital records. The longitudinal data of learning development was also obtained from the hospital records. The presence of disordered language development was determined based on the follow-up data about the course of speech and language abilities, as well as the available data about special tests and examinations regarding linguistic and cognitive skills.
Based on learning development, the children were divided into those with no problems in language development, and those with disordered language development. Children were also categorized into those with normal school performance determined by attending mainstream education without any need for special education, and those whose school education was adjusted according to their special needs, such as starting school later than normally, or the need for part-time or whole-time special education. Regarding early food intake the children were divided into those who received breast milk -either from breast or bottle -less than 1 month or longer, and alternatively, less than or at least 3 months or longer. These time-points were chosen as there is no clear indication what length of breast feeding is critical and the duration of breast milk feeding is generally short in cleft children.
Informed parental consent was obtained for all children. The study protocol was accepted by the ethical committee of the Department of Plastic Surgery of Helsinki University Central Hospital.
Fatty Acid Profile of Serum Lipids
Non-fasting blood samples were collected at the 10-year-old follow-up examination. Lipids were extracted from the serum sample (100 ml) with chloroform-methanol (2:1). 13 Lipid fractions [cholesteryl esters (CE), triglycerides (TG) and phospholipids (PL)] were separated with an aminopropyl column. Fatty acids of lipid fractions were transmethylated with 14% borontrifluoride in methanol at 100°C for 1 hour. Finally, fatty acid methyl esters were analyzed with a gas-chromatograph (Hewlett-Packard 5890 series II, Hewlett-Packard Company, Waldbronn, Germany) equipped with FFAP-column (length 25 m, inner diameter 2 mm and film thickness 0.3 mm) (Hewlett-Packard) and helium as the carrier gas. Fatty acids are presented as molar percentage of total fatty acids. Heptadecanoate acid (17:0) was used as an internal standard in every sample analyzed to quantify the fatty acids.
Statistical Analyses
The statistical analyses were performed with the SPSS statistical program for Windows, version 10 (SPSS Inc. Chicago, IL). Normal distribution of variables was checked with the Kolmogorov-Smirnov (Lilliefors) test. The differences in the fatty acid proportions among the cleft groups were tested with KruskalWallis test and a test for multiple comparisons 14 was used for post hoc multiple comparisons. Differences in fatty acids between boys and girls were tested with independent samples t test. Differences in fatty acids between the groups divided according to the FATTY ACIDS IN CLEFT CHILDREN / Erkkilä et al duration of breast milk intake, language development, and school performance were performed with Mann-Whitney test, t test, or Aspin-Welch test using NCSS for Windows, version 6.0.21/1996. x 2 -test was used to test differences between categorical variables. Data are presented as means ± SD. A value of P , 0.05 (two-tailed) was considered statistically significant.
RESULTS

T
he proportion of myristic acid in serum CE was higher in CL than in CPSM group (p , 0.05) ( Table 1) . Otherwise, there were no significant differences among the groups in the proportions of fatty acids in CE. The proportion of myristic acid in PL was different among the groups, however, in pairwise comparisons there were no significant differences ( Table 2) . Also the proportions of arachidinic, behenic, lignoceric and nervonic acids varied among the cleft groups. In pairwise comparisons, the proportion of nervonic acid was significantly higher in CPSM group than in CP group. In the TG fraction, the proportions of palmitic acid in CL, CLP, CP and CPSM groups were 27.52 ± 2.99 mol% (mean ± SD), 24.76 ± 2.76 mol%, 28.30 ± 3.76 mol%, and 24.18 ± 2.98 mol%, respectively (p = 0.007), and the proportions of linoleic acid 14.99 ± 1.07 mol%, 17.86 ± 5.52 mol%, 14.16 ± 3.25 mol%, and 18.18 ± 3.46 mol% (p = 0.034), respectively. Otherwise, there were no significant differences in the fatty acid proportions in serum TG. The fatty acid profile among the boys did not differ significantly from that among the girls (data not shown).
Of the children, 30% and 60% received breast milk less than 1 or 3 month(s), respectively. There were some minor differences in the proportions of fatty acids between the children who had received breast milk less than 1 month (n = 14) and children that received breast milk at least 1 month (n = 33). The proportion of palmitic acid in PL was 29.66 ± 1.20 mol% in the children with breast milk intake ,1 month and 30.57 ± 1.26 mol% in the children with longer breast milk intake (p = 0.026). The proportion of g-linolenic acid in TG was 0.63 ± 0.31 mol% in the children with breast milk intake ,1 month and 0.44 ± 0.19 mol% in the children with breast milk intake $1 month (p = 0.015). The proportion of DHA in CE was lower in the children with breast milk intake ,1 month (0.24 ± 0.06 mol%) than in the children with longer breast milk intake (0.30 ± 0.12 mol%, P = 0.0016).
The proportion of palmitic acid in CE was 12.84 ± 1.08 mol% in the children with breast milk intake #3 months (n = 28) and 13.42 ± 0.68 mol% in the children with breast milk intake .3 months (n = 19, P = 0.04). The proportions of DHA in CE and PL were lower in the children with breast milk intake #3 months (0.25 ± 0.07 and 2.40 ± 0.69 mol%, respectively) than in the children with longer breast milk intake (0.34 ± 0.13 and 3.01 ± 0.86 mol%, P = 0.012 and P = 0.006, respectively).
Language development was considered to be normal in 42 and disordered in 11 children. The proportion of DHA in TG was significantly higher in children with disordered language development (0.25 ± 0.08 mol%) than in those with normal development (0.19 ± 0.08 mol%, P = 0.015). Thirty-three children participated in mainstream education, while 20 children required special education. The proportion 
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of stearic acid in TG was 5.77 ± 2.75 mol% in children participating normal education and 4.50 ± 1.29 mol% in children with special educational needs (p = 0.04). Language development and school performance were not associated with any other fatty acids. The children with breast milk intake $1 month attended significantly more often in normal school than the children with shorter breast milk intake (p = 0.009), but the groups did not differ from each other in language development (p = 0.28). Language development and school performance were not significantly different between children receiving breast milk for either at least 3 months or less than 3 months (p = 0.79 and P = 0.59, respectively).
DISCUSSION
A s far as the authors know, there are no previous studies examining proportions of fatty acids in serum lipids among cleft children. These studies are, however, warranted, because cleft children due to dysmorphology of oral apparatus are prone to early dietary problems and nutritional deficiencies. On the other hand, after the surgical repair of the cleft lip and palate the difficulties of oral motor functions will decrease and finally disappear. Therefore, it is unlikely that the cleft type itself would have any effect on the diet of cleft children during the preschool and school years. However, nutrition during early, perhaps critical times, in life is suggested to influence the longterm outcome through programming. 15 In the current study, most fatty acids did not differ among the children with different cleft types, with the exceptions that the proportion of myristic acid in CE was higher in the CL group than in the CPSM group and the proportion of nervonic acid in PL was higher in CPSM than in CP group. Furthermore, there were no differences between boys and girls, that is in line with the results in healthy children reported by Lagströ m et al. 16 Serum fatty acid profile has been used as a biomarker of dietary fat quality in studies involving noncleft children 16, 17 and adults. 18, 19 The fatty acids in CE and particularly in PL are the most interesting, because they probably reflect more the long-term fatty acid intake and metabolism than fatty acids in TG. Fatty acids in TG depend more on occasional variations in the diet and probably reflect the dietary fat quality during recent 3 -4 days. 20, 21 Serum fatty acids can also be indicative of the fatty acid profiles of cell membranes, and hence, potentially biological functions. 21 The cleft groups differed significantly from each other with respect to the proportions of saturated fatty acids, i.e. myristic acid in CE and PL and palmitic acid in TG. High serum levels of myristic acid have been shown to reflect high dietary saturated fat intake. [17] [18] [19] Also the proportion of palmitic acid reflects dietary saturated fat intake. Based on the fatty 
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acid proportions, it could be assumed that children with CL might have higher intake of saturated fat than CPSM children. This is further supported by the low proportion of linoleic acid in TG in CL group. The clinical significance of this difference is not yet fully understood. With reference to children with clefts, myristic and nervonic acid are of interest because their biological functions could be related to neuronal activity. Myristic and palmitic acids function as neuronal calcium sensors, which are important constituents in the intracellular signaling pathways. 22 Animal studies also refer to the importance of myristic acid in palatal shelf adhesion during embryogenesis in mice. 23 The potential association of myristic acid contributing to the differences in electrophysiology of central nervous system function indicated in patients with various cleft types has not been studied. The children with CL are comparable with healthy peers with respect to auditive short term memory measured in terms of miss match negativity component of EEG, while children with other cleft types differ from the controls. 24 If the higher proportion of myristic acid in children with CL compared with children with other cleft types is confirmed in future studies assessing the dietary intake, it will be important to focus on studies that explain this difference, particularly the role of fat metabolism in cleft patients.
Nervonic acid acts as a component of myelin sheat of neurons, which is important for quick electric conductance of electric impulses. Sphingomyelin is a characteristic lipid component of myelin and consists mainly of very long chain saturated and monounsaturated fatty acids. Among them, the concentration of nervonic acid increases dramatically after birth 8 and may reflect cerebrum maturation. 25 It is important in further studies to verify the present result suggesting a higher proportion of nervonic acid in the serum of children with CPSM than with CP.
The results indicated that 40% of the present children received breast milk longer than 3 months. As the data on the breast milk intake were collected retrospectively, the exact duration and amount of breast milk intake or the content of the formula used could not be obtained. Interestingly, the proportion of DHA in CE and in PL was significantly higher in the children, who were breast fed longer than three months. As the present measures of fatty acids reflect the fatty acids in diet during previous weeks and months, the higher DHA could reflect higher intake of fish at the age of 10 in the children with longer breast milk intake. 17 Alternatively, it has been suggested that the capacity to absorb long chain polyunsaturated fatty acids from the intestine is related to maturation of fat absorption in neonatal life. 26 It could also be speculated that the type of fatty acids received from breast milk might effect the lipid metabolism of the child via gene expression, as it is known, that fatty acids activate nuclear transcription factors which mediate the regulation of gene expression. 9 Disordered language development was observed in 21% of the cleft children, and 40% of the children required special arrangements for their school education. Similarly, previous work has indicated that cleft children often demonstrate with difficulties in cognitive abilities, language development or learning. 24, 27, 28 The strength of this study was that the results on language development and school performance were obtained from data based on longitudinal repeated evaluations, and neuropsychological and linguistic tests were performed when learning disabilities were suspected.
Polyunsaturated fatty acids have been assumed to be important for favorable cognitive and behavioral development at various ages. 9, 10, 29 In the current study, long chain fatty acids in serum lipids were not associated with better performances in language learning or at school at the age of 10, if anything the opposite was suggested for DHA in TG and language development. Similarly, Bakker et al. 30 did not report any significant associations between the cognitive development at the age of 7 and DHA in umbilical plasma or in plasma at the age of 7 in non-cleft children. In the current study, the children who received breast milk at least one month performed significantly better at school than those who received breast milk less than one month. This might refer to better cognitive development in skills favoring school performance.
Based on this study the fatty acid profiles of serum lipids seem to be comparable among children with different cleft types. However, differences particularly in myristic and nervonic acids warrant further studies focusing on dietary intake, distribution and metabolism of fatty acids in cleft children. Furthermore, short breast milk intake (less than 1 mo) was associated with poorer school performance.
